Objective: To evaluate the role of education level in predicting the risk of macrosomia among women with gestational diabetes mellitus.
Introduction
Diabetes mellitus complicates between 2 and 5% of all pregnancies in the US. 1, 2 Of these, approximately 90% are due to gestational diabetes mellitus. 1 Gestational diabetes, or carbohydrate intolerance that begins or is first diagnosed during the course of pregnancy, is associated with adverse outcomes for both mothers and infants. 3 Compared to the general population, untreated gestational diabetes mellitus is associated with a two-to-three times greater risk of macrosomia. [4] [5] [6] [7] In turn, fetal macrosomia has been associated with an increased risk of shoulder dystocia, fetal injury, depressed 5-min Apgar scores, and admission to the neonatal intensive care unit. 3, 8, 9 Potential long-term adverse health outcomes associated with fetal macrosomia include obesity and carbohydrate intolerance. 10, 11 A recent, prospective randomized control trial by Crowther et al. 12 suggests that treatment of gestational diabetes reduces the risk of macrosomia, shoulder dystocia and serious perinatal morbidity. However, not all studies have shown a reduction in risk of macrosomia among gestational diabetics who have received treatment. 5, 13, 14 Part of this failure may be related to the relatively complex requirements necessary for patient understanding and compliance with the prescribed treatment regimens. Such regimens may include the practice of appropriate diet and exercise, the selfadministration of insulin and home glucose monitoring from fourto-seven times daily. [3] [4] [5] Health literacy has been defined as, 'a measure of a patient's ability to read, comprehend, and act on medical instructions,' and has been shown to be of importance in the treatment of nonpregnant individuals with complex and chronic medical conditions, such as type 2 diabetes and HIV. [15] [16] [17] Some researchers argue that education level in itself may explain the significant differences seen in health care outcomes among patients of varying socioeconomic status. 17 As poor health literacy is clearly related to level of educational attainment, we hypothesize that education level affects the outcomes of pregnant patients with complex medical conditions, in a similar fashion as previously reported among nonpregnant individuals. Specifically, this study investigates the role of education level on the risk of macrosomia among women with gestational diabetes mellitus. Intercooled Stata version 8.0 (Stata Corporation, College Station, TX, USA) was used for data management and statistical analysis. Baseline demographic information was compared among the education levels using the w 2 test for categorical variables and ANOVA for continuous variables. Education levels were divided into the following categories: college (patients who received at least some college education), high school (patients who received at least some high school education) and middle school (patients who received some middle school education or less). Education level was self-reported. Those who did not report their level of educational attainment were placed in the unreported category.
Materials and methods
Logisitic regression was performed to estimate odds ratios (OR) and 95% confidence intervals (CI) of macrosomia as a function of educational level, with college-educated individuals as the reference group. Macrosomia was defined as a birthweight >4000 g. Although this cutoff is lower than that recommended for the general population, a birthweight X4000 g was thought to be the most appropriate cutoff for the diabetic population, based on the study of Langer et al. 9 , where the majority of shoulder dystocia cases (84%) in the diabetic population occurred above this threshold. Given that macrosomia was a relatively common event and the fact that the odds ratio can overestimate the true risk of disease in this case, the predicted probabilities of macrosomia were then calculated from the logistic regression analysis and used to 20 Bootstrapping is a statistical technique used to estimate s.e. and CI from data with non-normal distributions. 21, 22 Bootstrapping is necessary for this analysis as the conditional distribution of the outcome variable and errors follow a binomial distribution, rather than a normal one. 23 For each bootstrapped confidence interval, 1000 repetitions were performed, as recommended by the literature. 21 Variables in the multivariable model included education level, ethnicity, preferred language, parity, post-term gestation and maternal weight. Maternal weight was determined at her first prenatal visit. The interaction between education level and ethnicity and the interaction between ethnicity and preferred language were also investigated.
Results
From June 2001 to December 2002, there were 9182 women with diabetes in pregnancy enrolled in the California Sweet Success Program, of which 8320 (90.6%) were gestational diabetics. Of the women with gestational diabetes, 8063 had singleton births. After further exclusion of mother-infant pairs with unknown birthweights (712 pairs) and births occurring prior to 24 weeks' gestation (45 births), there were 7306 women included in the analysis. Of the 7306 women in the study population, 887 had macrosomic infants (12.1%). With respect to level of educational attainment, 2657 (36.4%) had received at least some college education, 2419 (33.1%) had received at least some high school education and 1200 (16.4%) received some middle school education or less. There were 1030 patients (14.1%) in whom educational level was not reported.
Demographic information for women with gestational diabetes mellitus is presented by education level in Table 1 . Collegeeducated women were more likely to be having their first child. They were also more likely to be Caucasian and to be Englishspeaking. Gestational age at delivery, vaginal delivery rates, birthweight and risk of admission to the intensive care unit were relatively similar among the education levels. The incidence of macrosomia was highest among women with a middle school education and lowest among college-educated women.
Odds ratios and 95% CI for the multivariate model are presented in Table 2 . Covariates associated with an increased odds of macrosomia included multiparity, post-term gestation (>40 weeks' gestation), women who did not speak English as their primary language, and increased maternal weight. When parity was evaluated as an ordinal variable in the multivariate model, the odds of macrosomia was found to increase by 16% (OR, 1.16; 95% CI, 1.09-1.23) with the birth of an additional child. However, as the evaluation of parity in this manner did not appreciably alter the parameter estimates associated with the other variables in the model, the final model included parity as a dichotomous variable, as initially conceptualized. With respect to ethnicity, Caucasian women had the greatest odds of macrosomia as compared to the other ethnic groups, although some of these differences were not statistically significant.
Unadjusted and adjusted relative risks and 95% CI for macrosomia as a function of education level are shown in Table 3 . The unadjusted risk of macrosomia was greater among women with a middle or high school education, as compared to collegeeducated women. When we controlled for potential confounders, our findings persisted in the multivariate logistic regression model. The slight difference in odds versus risk for macrosomia should be noted between Tables 2 and 3 and illustrates how the odds ratio can overestimate the true risk of the outcome, albeit only by a small amount in this particular analysis. 20 The interaction between education and ethnicity and the interaction between ethnicity and preferred language did not significantly alter these estimates; therefore, they were not included in the final model.
To examine the relationship between language and ethnicity on the odds of macrosomia, the interaction between the two covariates was investigated. Although not significant, the multivariate model results were consistent with the following: Latina women who did not speak English were 12% more likely to deliver a macrosomic infant as compared to Caucasian women (OR, 1.12; 95% CI, 0.66-1.89), and African American women who did not speak English were over twice as likely to deliver a macrosomic infant as compared to Caucasian women (OR, 2.31; 95% CI, 0.65-8.23). In contrast, Asian women who did not speak English were 16% less likely to deliver a macrosomic women in comparison to Caucasian women (OR, 0.84; 95% CI, 0.46-1.52).
Discussion
Among women with gestational diabetes mellitus, level of educational attainment is predictive of the risk for macrosomia. Specifically, our analysis of the Sweet Success data suggests that a lower educational level is associated with a higher risk for macrosomia. These findings parallel the results of studies showing that educational level of nonpregnant patients with HIV and diabetes mellitus is important in the successful treatment of their disease states. [15] [16] [17] One possible reason for these findings is that level of educational attainment may be correlated with patient comprehension, compliance and the ability to self-manage their treatment -all of which are important factors in the treatment of complex, chronic medical conditions. Although measures of glucose control at the time of diagnosis, such as hemoglobin A1C levels, would have lent further credence to our study results, this information was not available in our data set.
Although not all women in the state of California receive assistance from Sweet Success Program, the restriction or our analysis to this subgroup of patients allowed for the normalization of the educational tools and services to the women in our study population. Therefore, our study attempts to examine the comprehension and ability of this population to manage their disease, based solely on education level. In keeping with the established literature, our data also shows that multiparity, postterm gestations, and increasing maternal weight are all risk factors for macrosomia. 24 One weakness of this study is missing data, with approximately 14.1% of the patients not reporting their level of education. If the level of education is assumed random, that is, unreported due to clerical error, the omitted data would not bias the study. In fact, our study results may actually underestimate to true effect of education level on the risk of macrosomia. Owing to social stigma, it is quite possible that women of a lower education level would be less likely to self-report their education level, as compared to women with higher levels of education. Indeed, when we examined the women with an unreported level of educational attainment, we found them to be at a higher risk of macrosomia.
Missing data is an unfortunate weakness of all retrospective studies. In some cases, statistical techniques such as imputation are sometimes used to link demographic characteristics of unreported patients to reported ones. However, we were not able to implement this method, due to a lack of other socioeconomic measures in this data set, such as zip code of residence, or household income. Owing to Health Insurance Portability and Accountability Act (HIPAA) regulations on patient confidentiality, this and other demographic information could not be provided to us by the Sweet Success Program.
Our study also examined the association between ethnicity and macrosomia among gestational diabetics. These results correlate with previously reported trends in birthweight with respect to ethnicity, in that ethnic minorities, as compared to Caucasians, appear to have smaller infants when adjusted for potential confounders. 25 When the interaction between language and ethnicity was investigated, our results are consistent with the possibility that non-English speaking Latina and African American women are more likely to deliver macrosomic infants as compared to Caucasians. In contrast Asian women who did not speak English were less likely to deliver macrosomic infants when compared to Caucasian women. Future study should therefore include the continued investigation of the interaction between preferred language and ethnicity. To perform such an analysis, a sample size of at least four times as many subjects would be required to detect the effect of this interaction as would be required to detect a single effect of the same magnitude. If the interaction of language and ethnicity proves to be significant, the protective effects of acculturation versus the potentially adverse consequences of language barriers on health care outcomes will require further investigation.
In conclusion, our study suggests that, among women with gestational diabetes, educational level may have an impact on their health care outcomes. Specifically, gestational diabetics with a lower level of educational attainment appear to have an increased risk of macrosomia. Although a patient's level of educational attainment is not necessarily modifiable, interventions directed towards improving patient-provider communication and patient knowledge of complex disease processes may prove to be beneficial. One tool that has been shown to improve glycemic control among nonpregnant patients with low functional health literacy is that of interactive communication, a method in which the physician assesses the recall and comprehension of the patient when new health information, advice, or a change in management is brought forth. 26 Efforts should therefore be made to identify patients in need and to implement such tools that may aid in their better understanding of treatment regimens and goals. Future studies should be directed towards determining whether our findings reflect a variation in adherence to and understanding of recommended treatments by education/literacy level, or if it is a surrogate marker for intrinsic, biological differences or differences in lifestyle. To adequately perform such analyses, measures of glycemic control and actual health literacy level, in addition to diet and exercise habits, would be necessary to fully investigate this issue. 27 
